Abstract.This paper reviews and summarizes the current knowledge and application of clay as a geopolymer material in production of geopolymer brick. As we understand, the nature of source materials give a significant impact to the strength of geopolymer. For example, geopolymer made from calcined source material such as calcined kaolin, fly ash, ground granulated blastfurnace slag (GGBS) and others produce a higher compressive strength compared to geopolymer made from non-calcined source material such as kaolin. This paper is reviewing on the suitability of clay application as a geopolymer material in geopolymer brick production. The chemical composition of clay-based material show high content of SiO 2 and Al 2 O 3 compound which is similar to the fly ash. Clay-based Geopolymer showed a good potential in a brick production.
Introduction
Recent years have seen a great development in a novel family of building materials-geopolymer cement around the world. It is due to the environmental issues that pressured the industries to provide a products and materials that are more environmental friendly. The concrete that being used nowadays is produced using a highly energy intense product that generate CO 2 as a binder which is ordinary Portand cement (OPC) [1] . There are a lot of studies that suggest the possibility of CO 2 mitigation in cement industry by implementing the advance technology in cement production technology [2] [3] [4] . This can possibly reduce the CO 2 emissions level. It is commonly accepted that geopolymer binder is a potential material to be part of the solution due to its lower CO2 emissions compared to OPC concrete [1] .
J. Davidovits had introduce geopolymer which is a type of three-dimensional CaO-free aluminosilicate binder, which was developed in the late 1970s [5] . Geopolymer are ceramic materials that are produced by alkali activation of aluminosilicate raw materials, which are transformed into reaction product by geopolymerization in a high pH environment and relatively low curing temperature. Because of the low energy requirements, their inflammability at high temperatures, and resistance to acid attack, made these novel products more eco-friendly than Portland cement which being supported by previous research [6] [7] [8] [9] [10] .
Originally, Davidovits use kaolinite in his research on geopolymers. Later, others aluminosilicate source such as calcined clays [11] [12] [13] , fly ash [14] [15] , and slag [16] [17] is being investigated. The use of these geopolymer materials in brick production can support construction sustainability and also contributes to the development of the construction industry in terms of producing more efficient materials that are environmental friendly. Related atmospheric emissions from the combustion of natural gas for heat which reinforce the idea that emphasis should be placed on reducing energy consumption by reducing the environmental impact of brick manufacturing [18] . In this paper, we will be discussing about the effectiveness of using clay as a geopolymer materials in brick manufacturing by using geopolymerization process which is based on its physical and mechanical properties.
Materials And Methods
This paper is about utilization of clay-based geopolymer raw materials to be used as a binder in brick making process by using geopolymerization process. M. B. Diop [19] in his paper suggesting to mix niemenike clay with different concentration of Sodium Hydroxide in order to form a thick paste before the brick were being compressed with a manual hydraulic press until water began to flowing out of the sample. Before the clay is being used, it needs to be ground to less than 250 µm. Then the sample of brick needs to be cured with a temperature around 40 to 120 degree Celsius for varying period of time. The entire brick sample was left overnight at room temperature before they were cured. Then it will be tested for the mechanical behavior of the samples.
Mostly other researchers mix the geopolymer material with alkaline activator which consist sodium hydroxide and sodium silicate before being used with aggregate as a concrete or mortar [20] [21] [22] . Different from M. B. Diop, Claudio Ferone et al. using weathered coal fly ash as a geopolymer raw material add sodium silicate in his geopolymer mixing in order to hardened product with a good physic-mechanical properties based on the basis of literature data [23] . There is no fine aggregate is being added in both mixing.
However, the application of clay based geopolymer in brick production was very limited. It is due to the lower compressive strength value. Generally, the clay was mixed with other pozzolanic material such as lime or cement in order to produce a clay-based brick. J.E. Oti et al. produce a clay brick by without firing it by adding quicklime, hydraulic lime or Portland cement in her mixing [24] . The binder used is around 1.4% to 5.5 % of the total weight. According to European standard [25] , in the production of masonry unit, there are some values of physical properties such as compressive strength, size and density that need to be considered. Thus, it is important to make sure that the end product which is geopolymer based brick should be made with high technological and commercial confidence.
Result And Discussion
Chemical composition. Table 1 below shows the chemical composition of Niemenike Clay which M. B. Diop had use in his brick production research and local Malaysia Kaolin as a comparison. The main content of both materials is Silica Oxide (SiO 2 ) which is about 54% for Malaysia Kaolin and 57% for Niemenike clay. The content of alumina oxide is also high for both materials. There is no CaO content in both of the clay materials. J. Temuujin et al. in his paper suggested that CaO will improve mechanical properties of geopolymers [26] . Scanning Electron Micrograph (SEM). The microstructure of Neimenike clay compared with Malaysia kaolin is shown in Figure 1 below. Both materials have plate-like structure. The particles appeared as plate-like structure which contributed smaller surface area for the geopolymerization process.
(a) (b) Figure 1 : SEM Micrograph of (a) Malaysia Kaolin [27] and (b) Niemenike Clay [19] .
Compressive Strength. Currently there are still no studies about a compressive strength of Malaysia kaolin to be used as a geopolymer brick but Y. M. Liew et al. had use it in a production of geopolymer concrete paste [27] . Based on her research, the range of compressive strength of the geopolymer concrete paste is around 6 Mpa and below. This value can be use as a measure to the strength of the brick that might be produce.
M.B. Diop at al. found that the strength of calcined clay activated with 12M NaOH solution cured for 12 hours can reach strength 13.4 Mpa, which is twice the strength obtained with the natural clay which is 6.1 Mpa. The author found that the calcinations process of the clay is unfavorable to compressive strength, regardless of the concentration.
For the geopolymer brick made from weathered coal fly ash, the compressive strength can reach up to 40 Mpa. This result was obtained from the study that has been done by Claudio Ferone et al. where the result also revealed that the curing conditions affect the result of compressive strength very strongly.
Conclusion
As a conclusion, the application of clay to be us as a raw geoplymer material in brick production by using geopolymerization process is applicable. Nevertheless, the compressive strength that can be achieved is lower compared to geopolymer brick that are using other geopolymer materials such as fly ash as a raw geopolymer material. This may be due to the CaO content that affects the mechanical properties of the geopolymer materials. This material has cementing properties that can be applied in the cementing industry. The utilization of this material can save energy and resources and it also environmental friendly.
